Abstract -Deep beams are the elements that have applications in many structures such as pile caps, girders, foundation walls and offshore structures. The behaviour of deep beams is mostly affected by its depth-span ration, type of reinforcements, materials used in the concrete. Since the behaviour of deep beams are different than the traditional beams, a few conventional methods has been introduced to model these types of beams such as empirical equations or strut and tie model (STM). However, there is a lack of study on the modelling and designing deep beams reinforced with the FRP reinforcement in the conventional methods. In this paper four deep beams reinforced internally with GFRP has been modelled experimentally and numerically. The behaviour of the beam has been recorded during the experiment and it has been compared with a non-linear numerical model to verify the results. The results of the ultimate loads, and load-deflection of the beams has been compared and verified.
Introduction
The applications of the deep beams are included in variety of structures, and therefore they are an important element that are needed to be studied. In addition, the behaviour of deep beams has differences than the slender (shallow) RC beams. The strength of these types of beams is more dependent on the a/d (Shear Span/Depth) ratio. Therefore, other methods has been introduced for modelling and designs of such beams [1] .
Meanwhile, steel reinforcement are susceptible to corrosion which would result in cracking of the concrete thus shortening the lifespan and eventually the failure of the beam. Compared to conventional steel reinforcements, FiberReinforced Polymer (FRP) are corrosion free and light materials and could be used as an efficient alternative for the steel reinforcements. Many studies have shown the benefits of FRPs in the application of the concrete elements, but, there is still a lack of research on the behaviour of the FRP in deep beams.
The prediction of behaviour of deep beams with use of the codes is not efficient since, in the codes the non-linear behaviour of the beams has been neglected hence they fail to provide information regarding the serviceability of such beams [2] . The cracks occurred in the concrete and the yielding of the steel are important feature which are the results of the non-linear behaviour [e] . These are needed to be heeded at while designing a concrete structure. Consequently the need of a finite element analysis model that is verified is essential [4] . Finite Element can provide authenticated models of concrete structure that are in good accordance to the real models. Therefore, a reliable FE model could be of great use in the design and model of the deep beams.
The purpose of this study was to evaluate the results of the experimental and the solution of FE models are concurred. Hence, demonstrating the application of finite element in modelling the FRP deep beams for future studies of their behaviour instead of using the expensive experimental methods.
Experimental Procedure

Features of the Specimens
Four different concrete deep beams were tested in order to differentiate the effects of the web reinforcements and the shear span over depth ratio. The first group of the beams are with the shear span to depth ratio of / = 1 and two different web FRP reinforcement of = 0, 100%, where = 100% indicated the maximum allowable of the spacing in the web reinforcements to control cracking in the concrete beams. The second group consists of shear span to depth ration / = 2 and the web reinforcements of = 0, 100% . the beams were tested to failure under three points loading.
For the design of the beams the anchorage length, the web reinforcement requirements and main reinforcement ratio were considered. The beams consist of the same width of 230 and a total span length of 1800 . In order to obtain different shear span to depth ratio, different heights 328 and 600 were chosen. The FRP type that is used for this experiment is the GFRP bars that are most common material used in the industry. Each group consist of main longitudinal GFRP ratio of = 1 1.197 percent and web reinforcements of 6 diameters. The bearing plates of 230 × 180 × 30 was used for the loading points and the supports. Details of the specimens are shown in the table 1 and figure 1. 
Test Procedure
The test specimens were simply supported and were set to failure under three points loading. A maximum load of 2000 was applied on the mid span of the beams using an actuator on the bearing plates. Meanwhile, steel roller constraint were used in order to achieve the simple support in the horizontal direction. Two potentiometers were used in order to measure the deflection in the mid span. In addition, multiple of strain gauges were installed on the GFRP bars for monitoring the strain of the reinforcements.
Numerical Analysis
Finite Element Method is a well-known numerical analysis for simulation and modelling of concrete beams. Thus, for the purpose of finding a reliable model for analysis and design of the deep beams reinforced with FRP bars, in this study, a model of FE has been developed and the results were compared with the experimental one.
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The FE Model 3.1.1. Concrete Property
For modelling the non-linearity of the concrete, in this study the method of damaged plasticity of concrete was used to achieve non-linear behaviour. The properties of the used concrete was with a ′ = 35 and a Poisson's ratio of 0.15.
GFRP Property
The GFRPs were modelled using elastic isotropic materials with the features shown in table 2. 
Element Types
The concrete element is modelled using a solid 3-dimensional element in order to display the non-linear behaviour of the concrete. The mesh that has been used for the concrete is C3D8R which stand for an 8 node linear brick with reduced integration and hourglass control. And as for the GFRPs, the truss element is used since the bars are only used to transfer normal forces. The mesh type chosen for the reinforcements is T3D2 which stands for 3 dimensional 2 node with first order integration truss element. Eventually, the same size of mesh has been used in order to ensure that the interactions of the different types of materials are fully connected. Thus, the parts have been chosen to be independent in the model in order to demonstrate a better interaction between the concert and FRP reinforcements. Figure 2 displays the mesh of A1/100 beam. For the purpose of applying load and defining the supports, three partition has been defined to demonstrate the location of load bearing and supports. The load that has been applied to the beams has been defined using a pressure load with equally spaced time steps to simulate the load of the actuator on the beams. In addition, at the locations of the supports, a pinned boundary condition has been introduced to constrain the beam only in the x, y, and z directions. For demonstrating the non-linear behaviour of the beam a dynamic-implicit method has been defined with time steps of 0.01 sec. To model the interactions between the reinforcements and concrete, the embedded region interaction has been defined. It has been assumed that the concrete and reinforcements have complete contact with one another. 
Comparison of Numerical Analysis and Experimental Results
In order to verify the FE model and achieve a reliable Finite Element model, the results of the experiment and the FE was compared to one another. For this purpose the displacement in the mid span of the beams and the ultimate load have been studied. Figures 3 to 6 show the displacement of the mid span of the beams and table 3 demonstrated the ultimate loads acquired from the experiment and the ratio of the experimental results and the FE model. 
Conclusion
In this study, the deep beams have been modelled using both experimental and Finite Element Method. Base on the obtained results, it can be inferred that the FEM model could perfectly predict the behaviour of concrete deep beams reinforced with FRP bars. Based on the results of the maximum load that the first crack would occur, it is shown that the results have the maximum of 5 percent difference. This difference could be based on the ignoring some variables that might have happened during the experiment which could not be considered in the finite element method. And also, since Finite Element is a numerical method and is considered an approximation, there are some small errors that could be neglected. In conclusion, it was demonstrated that FEM could be used in order to achieve reliable models for the deep beams and to predict their behaviour.
